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Disclosed are a reducer and an electric power steering
apparatus having the same. According to the present inven-
tion, an input shaft, a driving shaft, and a pinion shaft are
coaxially arranged. Thus, a conventional configuration, in
which a motor inevitably protrudes, can be improved to
prevent the motor from interfering with the other structures.
Therefore, a layout configuration in an apparatus can be
compactly formed.

ABSTRACT

19 Claims, 7 Drawing Sheets
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1
REDUCER AND ELECTRIC POWER
STEERING APPARATUS HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit
under 35 U.S.C. §119(a) of Korean Patent Application No.
10-2013-0040763, filed on Apr. 15, 2013, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a reducer and an electric
power steering apparatus having the same, and more par-
ticularly to a reducer which improves a conventional con-
figuration, in which a motor inevitably protrudes since a
motor shaft, an input shaft, a driving shaft, a pinion shaft,
etc. are coaxially arranged, to be capable of preventing the
motor from interfering with other structures such that a
layout configuration in an apparatus can be compactly
formed, and an electric power steering apparatus having the
reducer.

2. Description of the Prior Art

FIG. 1 is a view illustrating a configuration of a conven-
tional electric power steering apparatus for a vehicle.

As illustrated in FIG. 1, a conventional electric power
steering apparatus 100 for a vehicle includes a steering
system leading from a steering wheel 101 to opposite
vehicle wheels 108 and an auxiliary power mechanism 120
configured to supply a steering assistance force to the
steering system.

The steering system includes a steering shaft 102 of which
one end is connected to the steering wheel 101 and the other
end is connected to a driving shaft via a universal joint 103.

The driving shaft includes an input shaft 104 connected
with the steering shaft 102 and a pinion shaft 106 connected
with the input shaft 104 via a torsion bar (not illustrated) and
formed with a pinion gear 111 at a lower end thereof.

The pinion gear 111 formed on the pinion shaft 106 is
teeth-engaged with a rack gear 112 formed at one end of the
outer circumferential surface of a rack bar 109, and the
opposite ends of the rack bar 109 are connected to the
vehicle wheels 108 through tie rods 151 and knuckle arms
153.

The auxiliary power mechanism 120 includes a torque
sensor 125 configured to sense a torque generated in the
input shaft 104 when a driver operates the steering wheel
101 and output an electric signal which is proportional to the
sensed torque, an Electronic Control Unit (ECU) 123 con-
figured to generate a control signal based on the electric
signal transmitted from the torque sensor 125, a motor 130
configured to generate an auxiliary power based on the
control signal transmitted from the electronic control unit
123, and a worm 141 and worm wheel 143 configured to
transmit the auxiliary power generated by the motor 130 to
the pinion shaft 106.

In the conventional electric power steering apparatus for
a vehicle, the motor, the worm, the worm wheel, etc. are
used as components for the reducer of the auxiliary power
mechanism. Thus, when the components are equipped in a
vehicle, the motor inevitably protrudes to interfere with
other structures, which is disadvantageous in terms of the
layout.
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2
SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art,
and an object of the present invention is to provide a reducer
which improves a conventional configuration, in which a
motor inevitably protrudes since a motor shaft, an input
shaft, a driving shaft, a pinion shaft, etc. are coaxially
arranged, to be capable of preventing the motor from inter-
fering with other structures such that the layout configura-
tion in an apparatus can be compactly formed, and an
electric power steering apparatus having the reducer.

In addition, another object of the present invention is to
provide a reducer in which the number of teeth of a step gear,
a fixed ring gear, a movable ring gear or the like can be
adjusted such that a rotational force generated by a motor
and transmitted to a pinion shaft can be easily adjusted, and
an electric power steering apparatus having the reducer.

The objects of the present invention are not limited to the
foregoing and other objects may be easily understood by a
person ordinarily skilled in the art from the following
descriptions.

According to an exemplary embodiment of the present
invention, there is provided a reducer including: an eccentric
cam formed with a coupling hole in which one end of a
hollow motor shaft of a motor is fitted; a step gear including
a large-diameter portion formed with first gear teeth on an
outer circumferential surface thereof, the eccentric cam is
fitted in the large-diameter portion, and a small-diameter
portion extending axially from the large-diameter portion
and formed with second gear teeth on an outer circumfer-
ential surface thereof, the step gear having a central axis
spaced apart from a central axis of the motor shaft by a
predetermined distance; a fixed ring gear fixedly supported
on a lower inner circumferential surface of a housing of the
motor, the fixed ring gear being formed with third gear teeth
around an inner circumferential surface thereof to be tooth-
engaged with the first gear teeth of the large-diameter
portion and being provided to be coaxial to the central axis
of the motor shaft; and a movable ring gear being formed
with a fourth gear teeth around an inner circumferential
surface at one side thereof to be tooth-engaged with the
second gear teeth of the small-diameter portion, wherein a
terminal end, which extends through the eccentric cam from
a driving shaft that penetrates the motor shaft and is con-
nected with a steering wheel, is coupled to a central portion
of'the movable ring gear, and a pinion shaft is coupled to the
movable ring gear on the other side.

According to another exemplary embodiment of the pres-
ent invention, there is provided an electric power steering
apparatus for a vehicle, the apparatus comprising: a motor
provided with a housing and a hollow motor shaft; a driving
shaft that penetrates the motor shaft and is connected with a
steering wheel; and a reducer that is connected with the
motor shaft, the driving shaft, and a pinion shaft inside a
lower portion of the housing and transfers the driving force
of the motor to the pinion shaft.

According to the present invention, since the motor shaft,
the input shaft, the driving shaft, and the pinion shaft are
coaxially arranged, a conventional configuration, in which a
motor inevitably protrudes, can be improved to prevent the
motor from interfering with the other structures. Therefore,
a layout configuration in an apparatus can be compactly
formed.

In addition, according to the present invention, the num-
ber of teeth of each of the step gear, the fixed ring gear, and
the movable ring gear can be adjusted such that the rota-
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tional force generated by the motor and transferred to the
pinion shaft can be easily adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a view illustrating a configuration of a conven-
tional electric power steering apparatus for a vehicle;

FIG. 2 is a view illustrating a configuration of an electric
power steering apparatus provided with a reducer according
to an exemplary embodiment of the present invention;

FIG. 3 is a cross-sectional view for a part of FIG. 2;

FIG. 4 is a perspective view of an example of a reducer
which may be employed in the configuration illustrated in
FIG. 2,

FIG. 5 is a perspective view illustrating another example
of a reducer of FIG. 2 which may be employed in the
configuration illustrated in FIG. 2; and

FIGS. 6 and 7 are exploded perspective views of the
reducer of FIG. 5.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, exemplary embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

FIG. 2 is a view illustrating a configuration of an electric
power steering apparatus provided with a reducer according
to an exemplary embodiment of the present invention. FIG.
3 is a cross-sectional view for a part of FIG. 2. FIG. 4 is a
perspective view of an example of a reducer which may be
employed in the configuration illustrated in FIG. 2. FIG. §
is a perspective view illustrating another example of a
reducer of FIG. 2 which may be employed in the configu-
ration illustrated in FIG. 2. FIGS. 6 and 7 are exploded
perspective views of the reducer of FIG. 5.

As illustrated in the drawings, a reducer 230 according to
an exemplary embodiment of the present invention includes:
an eccentric cam 315 formed with a coupling hole 613 in
which one end of a hollow motor shaft 311 of a motor 210
is fitted; a step gear 350 including a large-diameter portion
351 formed with first gear teeth 351a on outer circumfer-
ential surface thereof, the eccentric cam 315 is fitted in the
large-diameter portion 351 and having, and a small-diameter
portion 353 extending axially from the large-diameter por-
tion 351 and formed with second gear teeth 353a on an outer
circumferential surface thereof, the step gear 350 having a
central axis spaced apart from a central axis of the motor
shaft 311 by a predetermined distance; a fixed ring gear 370
fixedly supported on a lower inner circumferential surface of
ahousing 310 of the motor 210, the fixed ring gear 370 being
formed with third gear teeth 370a around an inner circum-
ferential surface thereof to be tooth-engaged with the first
gear teeth 351a of the large-diameter portion 351 and being
provided to be coaxial to the central axis of the motor shaft
311; and a movable ring gear 390 being formed with fourth
gear teeth 390a around an inner circumferential surface at
one side thereof to be tooth-engaged with the second gear
teeth 353a of the small-diameter portion 353, wherein a
terminal end 321, which extends through the eccentric cam
315 from the driving shaft 320 that penetrates the motor
shaft 311 and is connected with a steering wheel 101, is
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coupled to a central portion of the movable ring gear 390,
and a pinion shaft 250 is coupled to the movable ring gear
390 on the other side.

The eccentric cam 315 is fitted on the one end of the motor
shaft 311. For this purpose, the eccentric cam 315 is formed
with a coupling hole 613 such that the one end of the motor
shaft 311 can be fitted in the coupling hole 613. For example,
the one end of the motor shaft 311 can be press-fitted in the
coupling hole 613 of the eccentric cam 315.

In addition, on a side of the eccentric cam 315 opposite to
the motor 210, a protrusion 313 is formed which is hollow
to communicate with the coupling hole 613 and protrudes
and extends in an axial direction.

Meanwhile, the eccentric cam 315 is fitted in the large-
diameter portion 351 of the step gear 350 and will be
described later. The first bearing 317 may be coupled to the
outer circumference side of the eccentric cam 315 so as to
reduce friction when the eccentric cam 315 is rotated and
then the eccentric cam 315 may be coupled with the large-
diameter portion 351 of the step gear 350. A second bearing
318 may be coupled to an outer circumference side of the
protrusion 313 of the eccentric cam 315 and then the
protrusion 313 may be coupled to a coupling portion 391
formed in the central portion of the movable ring gear 390
to be described later.

As described above, when the protrusion 313 of the
eccentric cam 315 is coupled to the movable ring gear 390
via the second bearing 318, the rotational force of the
eccentric cam 315 is not transferred to the movable ring gear
390 even if the movable ring gear 390 is coupled to and
supported by the eccentric cam 315.

The step gear 350 includes the large-diameter portion 351
in which the eccentric cam 315 is fitted and the small-
diameter portion 353 extending in the axial direction from
the large-diameter portion 351. The large-diameter portion
351 includes the first gear teeth 351a formed on the outer
circumferential surface thereof, and the small-diameter por-
tion 353 includes the second gear teeth 353a formed on the
outer circumferential surface thereof. The step gear has the
central axis spaced apart from the central axis of the motor
shaft 311 by a predetermined distance.

When the central axis of the step gear 350 and the central
axis of the motor shaft 311 are formed to be spaced apart
from each other by the predetermined distance as described
above, the step gear 350 turns on its axis and revolves
around the central axis of the motor shaft 311 when the
eccentric cam 315 is rotated.

The fixed ring gear 370 is supported by and fixed to the
lower inner circumferential surface of the housing 310 of the
motor 210. The third gear teeth 370a are formed around the
inner circumferential surface of the fixed ring gear 370 to be
tooth-engaged with the first gear teeth 351a formed on the
outer circumferential surface of the large-diameter portion
351 of the step gear 350 and the central axis of the fixed ring
gear 370 is coaxial to the central axis of the motor shaft 311.

Accordingly, the step gear 350 is tooth-engaged with the
third gear teeth 370q of the fixed ring gear 370 and turns on
its own axis within the fixed ring gear 370 while moving
along the inner circumferential surface of the fixed ring gear
370.

The movable ring gear 390 is formed with the fourth gear
teeth 390a around the inner circumferential surface on one
side thereof to be tooth-engaged with the second gear teeth
353a of the small-diameter portion 353 of the step gear 350.
The terminal end 321, which extends from the driving shaft
320 that is provided inside the motor shaft 311 and con-
nected with a steering wheel 101, is coupled to the center of
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the movable ring gear 390 through the eccentric cam 315,
and the pinion shaft 250 is coupled to the movable ring gear
390 on the other side.

In addition, the movable ring gear 390 is provided to be
coaxial to the central axis of the motor shaft 311.

Meanwhile, at the center of the one side of the movable
ring gear 390, a coupling portion 391 is formed into which
the protrusion 313 of the eccentric cam 315 is inserted to be
supported. The second bearing 318 is coupled between the
protrusion 313 of the eccentric cam 315 and the coupling
portion 391 as described above such that the rotational force
of the eccentric cam 315 is not transferred to the movable
ring gear 390 but the rotational force of the step gear 350 is
transferred to the movable ring gear 390.

In addition, on the other side of the movable ring gear
390, a protruding coupling portion 393 is provided and first
serrations 795 are formed on an outer circumferential sur-
face of the protruding coupling portion 393. The protruding
coupling portion 393 is fitted in a coupling groove formed on
the pinion shaft 250. For this purpose, second serrations 655
are formed on an inner circumferential surface of the cou-
pling groove 653 of the pinion shaft 250 to correspond to the
first serrations 795.

When the protruding coupling portion 393 of the movable
ring gear 390 and the pinion shaft 250 are serration-engaged
with each other as described above, the rotational force of
the movable ring gear 390 is transferred to the pinion shaft
250 without being lost.

Meanwhile, the above-described reducer 230 according to
the exemplary embodiment may be installed in an electric
power steering apparatus of a vehicle. Referring to the
drawings, an electric power steering apparatus 200 accord-
ing to another exemplary embodiment of the present inven-
tion includes: a motor 210 provided with a housing 310 and
a hollow motor shaft 311; a driving shaft 320 that penetrates
the motor shaft 311 and is connected with a steering wheel
101; and a reducer that is connected with the motor shaft
311, the driving shaft 320, and a pinion shaft 250 inside a
lower portion of the housing 310 and transfers the driving
force of the motor 210 to the pinion shaft 250. An example
of the reducer is as described above.

Meanwhile, the input shaft 290 is connected with the
universal joint 103 through the steering shaft 102 and the
steering shaft 102 is connected with the steering wheel 101.
Thus, as the steering wheel 101 is rotated, the steering shaft
102 and the input shaft 290 are rotated in unison.

The motor 210 is provided in a state that includes the
housing 310 and the hollow motor shaft 311.

The motor 210 generates an auxiliary power based on a
control signal transferred from the Electronic Control Unit
(ECU) 123. The auxiliary power rotates the eccentric cam
315 through the motor shaft 311 so as to rotate the step gear
350 and the movable ring gear 390.

The driving shaft 320 penetrates the motor shaft 311 and
is connected with the steering wheel 101. More specifically,
the driving shaft 320 may be connected to the input shaft 290
connected with the steering wheel 101 through a torsion bar
330, for example.

In addition, the terminal end 321 of the driving shaft 320
extends to the outside of the motor shaft 311 and penetrates
the eccentric cam 315 of the reducer 230 to be coupled with
the movable ring gear 390 such that the rotational force
applied by a driver to the steering wheel 101 is transferred
to the pinion shaft 250 through the movable ring gear 390.

In addition, at an upper portion of the motor 210 (i.e., the
side opposite to the reducer 230 with reference to the motor
210), a torque sensor 270 may be provided which is coupled
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to the input shaft 290 and the driving shaft 320 to measure
a torque value applied to the input shaft 290 as the steering
wheel 101 is operated. The torque value of the input shaft
290 measured by the torque sensor 270 is converted into an
electric signal and the electric signal is sent to the ECU 123
so as to control the motor 210.

That is, the torque sensor 270 measures a relative dis-
placement angle of the rotor coupled to the input shaft 290
and a rotor coupled to the driving shaft 320, converts the
angle into an electric signal, and transmits the electric signal
to the ECU 123.

The pinion shaft 250 is coupled to the movable ring gear
390 of the reducer 230 at the side opposite to the coupling
portion 391 and the pinion gear 251 tooth-engaged with the
rack gear 112 formed on the rack bar 109 is formed on the
outer circumferential surface of the pinion shaft 250.

In addition, the third bearing 319 supported by the inner
circumferential surface of the housing 310 is coupled to the
upper portion of the pinion gear 251 in the pinion shaft 250.

Referring to the drawings, an operating example of the
electric power steering apparatus for a vehicle which is
provided with the reducer according to the exemplary
embodiment of the present invention will be described.

When a driver rotates the steering wheel 101, the input
shaft 290 connected with the steering shaft 102 and the
steering shaft 102 through the universal joint 103 is rotated,
then the driving shaft 320 connected with the input shaft 290
through the torsion bar 330 is rotated and the movable ring
gear 390 coupled with the driving shaft 320 is rotated, and
then the pinion shaft 250 coupled with the movable ring gear
390 is rotated. Thus, the rotational force of the steering
wheel 101 is transferred as a driving force for a leftward-
rightward rectilinear motion of the rack bar 109.

Further, the torque value of the input shaft 290 is mea-
sured by the torque sensor 270, and the measured torque
value is converted into an electric signal which is sent to the
ECU 123.

Meanwhile, the electronic control unit 123 controls the
motor 210 to generate an auxiliary power based on the
electric signal transmitted from the torque sensor 270 and
electric signals transmitted from other various sensors, and
the generated auxiliary power rotates the motor shaft 311
and consequently, rotates the eccentric cam 315 and the step
gear 350.

In addition, the step gear 350 moves along the inner
circumferential surface of the fixed ring gear 370 while
turning on its own axis, and at the same time, rotates the
movable ring gear 390 so as to transfer the auxiliary power
of the motor 210 to the pinion shaft 250 coupled with the
movable ring gear 390.

Meanwhile, descriptions have been made above with
reference to an example, in which the torque sensor 270 is
provided in the upper portion of the housing 310 of the
motor 210. However, unlike this, the torque sensor may be
provided on the steering shaft 102.

Of course, when the torque sensor is provided on the
steering shaft 102, the above-described connection structure
of the driving shaft, the input shaft and the torsion bar is
provided on the steering shaft 102.

As described above, according to the present invention,
since the motor shaft, the input shaft, the driving shaft, and
the pinion shaft are coaxially arranged, a conventional
configuration, in which a motor inevitably protrudes, can be
improved to prevent the motor from interfering with the
other structures. Therefore, a layout configuration in an
apparatus can be compactly formed.
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In addition, according to the present invention, the num-
ber of teeth of each of the step gear, the fixed ring gear, and
the movable ring gear can be adjusted such that the rota-
tional force generated by the motor and transferred to the
pinion shaft can be easily adjusted.

What is claimed is:

1. A reducer comprising:

an eccentric cam formed with a coupling hole in which

one end of a hollow motor shaft of a motor is fitted;

a step gear including a large-diameter portion formed with

first gear teeth on an outer circumferential surface of
the step gear, the eccentric cam being fitted in the
large-diameter portion, and a small-diameter portion
extending axially from the large-diameter portion and
formed with second gear teeth on an outer circumfer-
ential surface of the small-diameter portion, the step
gear having a central axis spaced apart from a central
axis of the motor shaft by a predetermined distance;

a fixed ring gear fixedly supported on a lower inner

circumferential surface of a housing of the motor, the
fixed ring gear being formed with third gear teeth
around an inner circumferential surface of the fixed
ring gear to be tooth-engaged with the first gear teeth of
the large-diameter portion and being provided to be
coaxial to the central axis of the motor shaft; and

a movable ring gear being formed with fourth gear teeth

around an inner circumferential surface at one side of
the movable ring gear to be tooth-engaged with the
second gear teeth of the small-diameter portion,
wherein a terminal end of a driving shaft, which
extends through the eccentric cam from the driving
shaft that penetrates the motor shaft and is connected
with a steering wheel, is coupled to a central portion of
the movable ring gear, and a pinion shaft is coupled to
the movable ring gear on an opposite side of the
movable ring gear.

2. The reducer of claim 1, wherein a first bearing is
coupled to an outer circumference side of the eccentric cam
so as to reduce friction when the eccentric cam is rotated.

3. The reducer of claim 1, wherein on a side of the
eccentric cam opposite to the motor, a protrusion is formed
which is hollow to communicate with the coupling hole and
protrudes and extends in an axial direction, and

wherein at a center of the movable ring gear, a coupling

portion is formed and the protrusion is inserted into and
supported by the coupling portion.

4. The reducer of claim 2, wherein on a side of the
eccentric cam opposite to the motor, a protrusion is formed
which is hollow to communicate with the coupling hole and
protrudes and extends in an axial direction, and

wherein at a center of the movable ring gear, a coupling

portion is formed and the protrusion is inserted into and
supported by the coupling portion.

5. The reducer of claim 4, wherein a second bearing is
coupled to an outer circumference side of the protrusion.

6. The reducer of claim 1, wherein a protruding coupling
portion is provided on the other side of the movable ring
gear and first serrations are formed on an outer circumfer-
ential surface of the protruding coupling portion, and

wherein a coupling groove is provided such that the

protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

7. The reducer of claim 2, wherein a protruding coupling
portion is provided on the other side of the movable ring
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8

gear and first serrations are formed on an outer circumfer-
ential surface of the protruding coupling portion, and
wherein a coupling groove is provided such that the
protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

8. The reducer of claim 3, wherein a protruding coupling
portion is provided on the other side of the movable ring
gear and first serrations are formed on an outer circumfer-
ential surface of the protruding coupling portion, and

wherein a coupling groove is provided such that the

protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

9. The reducer of claim 4, wherein a protruding coupling
portion is provided on the other side of the movable ring
gear and first serrations are formed on an outer circumfer-
ential surface of the protruding coupling portion, and

wherein a coupling groove is provided such that the

protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

10. The reducer of claim 5, wherein a protruding coupling
portion is provided on the other side of the movable ring
gear and first serrations are formed on an outer circumfer-
ential surface of the protruding coupling portion, and

wherein a coupling groove is provided such that the

protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

11. An electric power steering apparatus for a vehicle, the
apparatus comprising:

a motor provided with a housing and a hollow motor

shaft;

a driving shaft that penetrates the motor shaft and is

connected with a steering wheel; and

a reducer that is connected with the motor shaft, the

driving shaft, and a pinion shaft inside a lower portion

of the housing and transfers the driving force of the
motor to the pinion shaft,

wherein the reducer comprises:

an eccentric cam formed with a coupling hole in which
one end of the hollow motor shaft of the motor is
fitted;

a step gear including a large-diameter portion formed
with first gear teeth on an outer circumferential
surface of the step gear, the eccentric cam being
fitted in the large-diameter portion, and a small-
diameter portion extending axially from the large-
diameter portion and formed with second gear teeth
formed on an outer circumferential surface of the
small-diameter portion, the step gear having a central
axis spaced apart from a central axis of the motor
shaft by a predetermined distance;

a fixed ring gear fixedly supported on a lower inner
circumferential surface of a housing of the motor, the
fixed ring gear being formed with third gear teeth
around an inner circumferential surface of the fixed
ring gear to be tooth-engaged with the first gear teeth
of the large-diameter portion and being provided to
be coaxial to the central axis of the motor shaft; and

a movable ring gear being formed with fourth gear
teeth around an inner circumferential surface on one
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side of the movable ring gear to be tooth-engaged
with the second gear tecth of the small-diameter
portion, wherein a terminal end, which extends
through the eccentric cam from the driving shaft that
penetrates the motor shaft and is connected with a
steering wheel, is coupled to a central portion of the
movable ring gear, and a pinion shaft is coupled to
the movable ring gear on the other side.

12. The apparatus of claim 11, wherein a first bearing is
coupled to an outer circumference side of the eccentric cam
so as to reduce friction when the eccentric cam is rotated.

13. The apparatus of claim 11, wherein, on a side of the
eccentric cam opposite to the motor, a protrusion is formed
which is hollow to communicate with the coupling hole and
protrudes and extends in an axial direction, and

wherein at a center of the movable ring gear, a coupling

portion is formed and the protrusion is inserted into and
supported by the coupling portion.

14. The apparatus of claim 12, wherein on a side of the
eccentric cam opposite to the motor, a protrusion is formed
which is hollow to communicate with the coupling hole and
protrudes and extends in an axial direction, and

wherein at a center of the movable ring gear, a coupling

portion is formed and the protrusion is inserted into and
supported by the coupling portion.

15. The apparatus of claim 14, wherein a second bearing
is coupled to an outer circumference side of the protrusion.

16. The apparatus of claim 11, wherein a protruding
coupling portion is provided on the other side of the movable
ring gear and first serrations are formed on an outer circum-
ferential surface of the protruding coupling portion, and
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wherein a coupling groove is provided such that the
protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

17. The apparatus of claim 12, wherein a protruding
coupling portion is provided on the other side of the movable
ring gear and first serrations are formed on an outer circum-
ferential surface of the protruding coupling portion, and

wherein a coupling groove is provided such that the

protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

18. The apparatus of claim 13, wherein a protruding
coupling portion is provided on the other side of the movable
ring gear and first serrations are formed on an outer circum-
ferential surface of the protruding coupling portion, and

wherein a coupling groove is provided such that the

protruding coupling portion is inserted into and
coupled to the coupling groove, and second serrations
are formed on an inner circumferential surface of the
coupling groove of the pinion shaft.

19. The apparatus of claim 11, wherein the driving shaft
is connected to the input shaft connected with the steering
wheel through a torsion bar, and

wherein a torque sensor coupled to the input shaft and the

driving shaft is provided to measure a torque value
applied to the input shaft as the steering wheel is
operated.



